Background Mucociliary clearance is impaired in patients with Young's syndrome (obstructive azoospermia with recurrent sinobronchial disease), cystic fibrosis, and primary ciliary dyskinesia. No defect of cilia or mucus has been detected in Young's syndrome. Methods Ciliary function and ultrastructure, including ciliary orientation, were studied quantitatively in 20 patients with Young's syndrome and 20 normal subjects to determine the incidences of ciliary defects. Nasal ciliated epithelium was obtained from each subject and used for measurement of ciliary beat frequency and ultrastructural analyses. Ciliary orientation was determined by measuring ciliary deviation in electron micrographs; ciliary deviation is a measure of the relative orientation of cilia in relation to each other in which high values indicate ciliary disorienta-
Results Ciliary beat frequency and the incidence of microtubular defects and numbers of dynein arms did not differ between patients with Young's syndrome and control subjects. In patients with Young's syndrome basal ciliary deviation (16-00) was similar to that in control subjects (14-1°) , but at the ciliary tip ciliary deviation (21.90 ) was greater than in healthy subjects (14.50) . Conclusion The relative disorientation of the distal ciliary axoneme in patients with Young's syndrome compared with normal subjects may be due to a structural defect but is more likely to be a consequence of abnormal mucus.
The association between male sterility and recurrent respiratory tract infection is common to cystic fibrosis,' primary ciliary dyskinesia,2 and Young's syndrome. 3 Young described 52 men with obstructive azoospermia, of whom over half "had had a defect in their lungs," including bronchitis from childhood and bronchiectasis. ' (12)) with no history of recurrent respiratory tract disease were also studied. They were matched with the patients for age and smoking habits ( Samples of nasal ciliated epithelium were obtained by nasal mucosal brushingl920 from all subjects for photometric determination'9 of ciliary beat frequencies and for electron microscopy. 1720 The following features of ciliary ultrastructure were analysed quantitatively from electron micrographs of transversely sectioned cilia: the incidence of compound cilia, the incidence of central and peripheral microtubule defects, the numbers of inner and outer dynein arms per cilium, and ciliary orientation. Peripheral tubule defects were defined as missing or displaced peripheral (table 3) . Although not quantified, radial spokes were also visible and seemed to be present in normal numbers. Some patients had higher numbers of compound cilia and peripheral microtubule defects than had normal subjects, but as a group there was no significant difference. Mean ciliary deviation for patients with Young's syndrome was within normal limits,'7 but there was a significant difference between normal subjects and patients with Young's syndrome (p < -0 1). Seven patients had mean ciliary deviation (25.50, 26 .6°, 29.30, 33.6°, 33.70, 36.70, 39.60) outside the range for normal subjects. Random ciliary orientation, often seen in patients with primary ciliary dyskinesia,"7 was not found in any patient with Young's syndrome. Comparison of ciliary deviation at two levels along the length of the axoneme showed that at the ciliary base ciliary deviation was not significantly different from that in normal subjects, although at the tips of the cilia ciliary deviation was significantly greater (p < 0(01) than that in normal subjects. The different orientation of cilia at these two levels is shown in figure 1 . The distribution of ciliary angles in patients with Young's syndrome (figure 2) showed a small increase in the numbers of cilia with large angles of deviation from the mean angle compared with normal subjects. that mucociliary clearance may be impaired but with normal ciliary beat frequency and internal ciliary ultrastructure." There was no evidence of reduced numbers of inner dynein arms or an increased incidence of microtubule defects as shown in case reports.'5 16 The increased incidence ofcompound cilia and the occurrence of microtubule defects that we found confirm a previous report,'6 although these defects are unlikely to be a primary defect as they occur in normal subjects and as non-specific defects after respiratory tract infection.27" Abnormal ciliary orientation has been described previously in Young's syndrome but has not been quantified.'2 Ciliary deviation in our group of patients was significantly greater than that in normal subjects but was not as great as that seen in primary ciliary dyskinesia.'7 Ciliary disorientation may be the only defect in patients with recurrent respiratory disease."2 This finding of moderate ciliary disorientation could offer a possible explanation for the reduced mucociliary clearance found in Young's syndrome. It is possible that the twisting of the cilia may be a manifestation of a subtle structural microtubule defect not detectable by electron microscopy. The inconsistency ofthis finding suggests, however, that this is probably an epiphenomenon and more likely to be a secondary effect of recurrent respiratory tract infection than a primary cause of the respiratory tract disease.
Young's syndrome has been proposed as being a forme fruste of cystic fibrosis that results in abnormal respiratory mucus and inspissated seminal secretions. Although Young's syndrome is probably not a variant of cystic fibrosis, because sweat electrolyte concentrations are normal, the pancreas is not affected, and the clinical picture and genital dysfunction are different, the rheological properties of mucus may be abnormal in Young's syndrome. Lopez-Vidriero et al reported the viscoelastic properties of mucus in Young's syndrome and considered them consistent with a "chronic hypersecretory defect."" The finding of ciliary disorientation only at the tips of cilia in our group of patients might be consistent with this suggestion of abnormal mucus. Viscid secretions may cause cilia to beat inconsistently or become trapped in the mucus layer, resulting in twisting of the distal parts of the ciliary axoneme. A mucus defect of varying severity might explain the variable occurrence of ciliary disorientation in Young's syndrome. A trial of "mucoregulatory agents" in Young's syndrome showed no effect on mucociliary clearance, sperm counts, or pulmonary function. '4 We have found more variable orientation of the distal ciliary axoneme in patients with Young's syndrome than in normal subjects. Though this might be due to a subtle structural defect, it could also be a consequence of abnormal mucus.
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